Introduction
Mei-Li Gao et al certain tumor markers were expressed in patients with malignancy. Evidence from animal studies and reports from humans both showed tumor-initiating activity of COEs (coke oven emissions). Studies in occupational populations provide great opportunities to understand the mechanisms through which exogenous agents cause cancer (National Toxicology Program, 2011) . Epidemiological studies suggest an etiological link between carcinogenic PAHs exposure and lung cancer risk in coke oven workers exposed to COEs, and coke oven workers were found to have a three to sevenfold increased risk for developing lung cancer. Also, long-term exposure to PAHs had been reported to be associated with high incidence of lung cancer in coke oven workers (Wang et al., 2010; National Toxicology Program, 2011) . As for serum tumor markers, including cytokeratin 19 fragments (Cyfra21-1), squamous cell carcinoma antigen (SCC) and neuron specific enolase (NSE), have been extensively studied in lung cancer (Niewoehner and Rubins, 2003; Emin et al., 2010; Chu et al., 2011) . Accumulating evidence unravels the molecular mechanisms by which inflammatory responses promote tumor progression. Tumor necrosis factor (TNF) a is one of the most potent pro-inflammatory cytokines produced in the tumor microenvironment (Takahashi et al., 2010) . Earlier studies illustrated the significance of these tumor markers in the detection, prognosis and follow-up of lung cancer (Niewoehner and Rubins, 2003; Emin et al., 2010; Chu et al., 2011) . However, the roles of these tumor markers in the diagnosis of coke oven workers are remain to be determined due to their relatively low sensitivity.
Based on the previous descriptions, the objective of this study was to study the levels of oxidative stress biomarkers including MDA, GST and LDH of serum in coke-oven workers. PAHs exposure was checked by means of the urinary excretion of 1-OHP. We also examined the serum tumor markers such as Cyfra21-1, SCC, NSE and TNF-a in PAHs exposure of coke-oven workers.
Materials and Methods

Study Subjects
A total of 196 male subjects were recruited from a steel plant in northern China and classified into four groups: control group, and workers from the bottom, side, and top of the coke oven based on the environmental PAHs levels of different work sites. Of whom 52, 45 and 39 workers who have worked on bottom-, side-and top-oven in the coke oven plant were served as exposure to PAHs, and these workers had been employed for at least six months. The other 60 non-coke-oven workers were staff members of the offices and hospitals of the same steel company, and served as the control group. The workers exposed to known mutagenic agents, such as radiotherapy and chemotherapy in the last 3 months, were excluded. Questionnaires were administered by trained interviewers to collect information on demographic information, including age, employment time, smoking and alcohol habits. Individuals who had smoked for 3 months were considered as smokers, and those who drank more than twice a week in the last six months were classified as drinkers. The Ethics Committee of Xi'an Jiaotong Medical College approved the study.
Determination of 1-OHP in Urine
The determination of 1-OHP in urine was measured by the HPLC method described by Jongeneelen and Anzion (Jongeneelen et al., 1990) . Aliquots of 10 ml urine samples was enzymatically deconjugated and then transferred to primed C18 octadecyl cartridges (J. T. Baker), washed with 10 ml of water, and eluted with 9 ml of methanol. The components of the eluate were separated through high pressure liquid chromatography on the HP 1090 apparatus (Hewlett Packard) with the ODS C18, 200×2.1 mm column, while 1-OHP was quantitatively assayed by the fluorescence detector HP 1046 (Hewlett Packard) with 229 nm excitation and 400 nm emission wavelengths. All concentrations of 1-OHP were normalised to urinary creatinine. Urinary creatinine concentrations were analysed using a standard colorimetric method following the picric acid reaction and absorption at 520 nm (Baselt, 1980) .
Serum Oxidative Stress Markers and Serum Tumor Markers Measurement
The levels of serum lipid peroxidation products such as the thiobarbituric acid adduct of malondialdehyde (TBA-MDA) were measured spectrophotometrically by a modification of the method described by Buege and Aust (1978) . The spectrophotometric measurements were done with Shimadzu UV-1208 spectrophotometer (Japan). The concentrations of lipid peroxidation products were calculated as MDA concentration using the extinction coefficient for the MDA-thiobarbituric acid complex of 1.56×10 5 L/mol cm at 535 nm. GST activity was determined as described (Habig and Jakoby, 1981) . Briefly, the reaction mixture contained 0.1M Na phosphate (pH 6.5), 30 mM GSH, 30 mM 1-chloro-2, 6 -dinitrobenzene, and serum. The optical density was measured at 340 nm with a spectrophotometer. LDH assay conditions were based on those described earlier (Bass et al., 1969) . The assay medium for LDH contained 50 mM Tris-HCl buffer pH 7.5, 0.15 mM NADH and 1 mM pyruvate (omitted for control). The absorptivity of NADH at 340 nm was 6.22 μm/cm. The serum concentrations of NSE, Cyfra21-1, TNF-α and SCC were assayed by fully automatic biochemical analyzer (Mindray, BS-380, China).
Statistical Analysis
All analyses were carried out using the Statistical Package for Social Sciences (SPSS12.0). The frequencies of categorical variables, such as smoking and drinking status, between groups were compared by chi-square test. Student's t tests were used to compare the age, employment time, PAHs exposure between control and exposed groups. Multivariate logistic regression analysis of risk factors for oxidative stress and tumor markers was estimated, stratified by age, employment time, smoking and drinking status, and PAHs exposure levels as indicated by 1-OHP concentrations. Also, correlations between oxidative stress and tumor markers were analyzed. All statistical tests were two-sided with a significant level 
Results
Main Characteristics of Study Subjects
The relevant characteristics of exposed workers and controls are summarized in Table 1 . Age, employment time, smoking status, drinking status and 1-OHP were comparable among controls and coke-oven workers working in different areas of the oven. No differences were found in the distributions of age and smoking status among controls and coke-oven workers. The employment time, the internal exposure marker of urinary excretion 1-OHP and the distribution of alcohol users was significantly increased among controls and coke-oven workers working in different areas of the oven except the employment time in bottom workers (P<0.05, P<0.01, P<0.001, respectively). Figure 1 and Figure 2 show the distribution of oxidative stress and tumor markers in all subjects. Mean levels of MDA, GST, LDH and NSE, Cyfra21-1, SCC, TNF-α were gradually increased, followed by controls, bottom, side and top oven workers. The differences of MDA, GST, LDH and NSE, Cyfra21-1 were significant (P<0.001) among controls and coke-oven workers working in different areas of the oven. The differences of SCC and TNF-α were significant (P<0.05, P<0.001, respectively) between controls and other coke-oven workers except bottom coke oven workers.
Serum Oxidative Stress and Tumor Markers
Effects of Associated Variables of Study Subjects on Oxidative Stress and Tumor Markers
Multivariate logistic regression analyses were performed with adjustment for possible confounders (that is, age, employment time, smoking status, drinking status, the level of 1-OHP) to evaluate the possible determinants of increased oxidative stress and tumor markers levels. We calculated OR values of age, employment time, smoking status, drinking status and the level of 1-OHP to compare their contribution with the measured biomarkers. As shown in Table 2 and Table 3 , the association between Differences between CWs and other groups were significant, P<0.001 in Figure A and Figure B ; Differences between CWs and other groups except BOWs were significant, P<0.001 in Fig C; Differences between CWs and SOWs, TOWs groups were significant, P<0.05 and P<0.001, respectively, in Figure D . association between drinking with an increase in the risk of TNF-α levels was significant (P=0.012, OR=2.67, 95% CI, 1.24-5.72). The PAH exposure was associated with a significantly (P<0.001) increased risk of having high oxidative stress and tumor markers except Cyfra21-1.
Association between Oxidative Stress and Tumor Markers
Correlations among amounts of oxidative stress and tumor markers in serum samples from individuals in different exposure groups are summarized in Table 4 . There was a positive and significant correlation between oxidative stress and tumor markers in all subjects. All of the differences were significant (P<0.0001). 
Discussion
In our study we investigated the effect of PAHs exposure on biomarkers of oxidative stress and tumor parameters in a group of control and coke oven workers with different working environment. We also studied possible associations between characteristics of workers, oxidative stress and tumor biomarkers.
In the present study, the coke-oven workers seemed to have been exposed to a significant high level of PAHs based on the urinary 1-OHP. The PAHs exposure of coke-oven workers in the present study was similar with that in Siwińska et al's and in Zhang's study conducted in coke oven workers and much higher than that reported by Pavanello et al in CMBN assay in coke oven workers (Zhang et al., 2001; Siwińska et al., 2004; Pavanello et al., 2008) . Though the length of exposure is not, therefore, the only risk factor (Pavanello et al., 2008) . Yang et al reported that the length of time spent outdoors had marginal positive associations with urinary 1-OHP levels in non-occupationally exposed Koreans . So, significantly higher length of employment time may promote a synergistic effect on excretion of 1-OHP in PAHs exposed side oven and top oven workers. Significant distributions for alcohol users and no significant distributions for smoking status in exposed coke oven workers were observed in the present study. On the contrary, no significant difference was found in alcohol users between control and coke oven workers in Leng et al's (Leng et al., 2004 ) and Zhang's studies (Zhang et al., 2001 ). Other studies indicated that the smoking of cigarettes significantly increase the urinary 1-OHP concentration, while alcohol consumption does not affect the urinary 1-OHP concentration (Nan et al., 2001; . Hence, the smoking life style may not significantly affect the urinary 1-OHP concentration in this study.
Significant increases of MDA levels and LDH activities were observed in serum in coke oven workers. The increase of MDA levels have been shown to be a result of lipid peroxidation compared with control group (Yang et al., 2007; Gao et al., 2010) . LDH release is commonly used as a marker for necrotic/oncotic cell death (Valentovic and Ball, 1998) . Most cells contain LDH and when these cells are lethally injured, loss of membrane integrity can be assessed by monitoring activity of LDH in the incubation medium (Kendig and Tarloff, 2007) . This is consistent with Yang et al's report that a COEsrelated dose-dependent increase in levels of DNA damage, micronuclei rate, MDA concentration, and LDH activity (Yang et al., 2007) . In the present study, PAH significantly activated the GST activity. Liu et al also reported that the group exposed to COEs had significantly increased levels of GST in the PAHs exposed individuals (Liu et al., 2006) . The induction of GST by PAHs suggests that GSH conjugation is involved in PAHs removal (Gowland et al., 2002; Vieira et al., 2008) . As we know, GST serves as a phase II enzyme in detoxifying xenobiotics and keeping intracellular redox balance in the presence of its substrates. Hence, the increase of GST activity in coke oven workers may represent adaptation or defense against the burden of mutagens and carcinogens in the human body (Liu et al., 2006) . The increase of MDA, LDH and GST is accompanied with the levels of urinary 1-OHP based on the different working environments (Figure 1) . Similar results were also observed by Yang et al (2007) and Liu et al (2006) . Higher levels of 1-OHP might indicate higher external exposure or faster detoxification process. So, top oven workers may expose higher PAHs, resulting in higher lipid peroxidation and LDH release, and faster detoxification by the significantly increased GST activity. Additionally, MDA contents were also affected by smoking (P=0.004, OR=14.07, 95% CI: 2.30-85.93) and drinking (P=0.057, OR=0.16, 95% CI: 0.02-1.05) status. Similar results can be seen in GST activities by smoking (P=0.048, OR=2.57, 95% CI: 1.01-6.57) and alcohol (P=0.081, OR=2.19, 95% CI: 0.91-5.25) status (Table 3 ). Several studies indicated that the levels of MDA were higher in smokers (Bindu et al., 2004; Doruk et al., 2011) . The levels of peroxidation products viz., MDA, GPx and GST were increased in all the tissues of alcohol administered and smoke-exposed rats (Chelchowska et al., 2011) . These may be the fact that tobacco smoke enhances lipid peroxidation and depletes antioxidant potential in smokers (Doruk et al., 2011) . Also, accumulating evidence suggested that ethanol can induce oxidative DNA damage in humans (Zhang et al., 2003; Guo and Ren, 2010) . LDH activities were affected by employment time (P=0.022, OR=6.28, 95% CI: 1.31-30.26), this suggest that the longer PAHs exposure may further increase the oxidative stress (Yang et al., 2007) .
Significant increases of NSE, Cyfra21-1, SCC and TNF-α were observed in coke oven workers except SCC and TNF-α in bottom oven workers (Figure 2 ). Cyfra 21-1 is the most efficient marker for differentiating primary lung cancer from benign solitary pulmonary lesions (Seemanna et al., 1999) . NSE is commonly used as markers for the differentiation of malignant and benign lesions (Seemanna et al., 1999) . SCC is physiologically expressed in the skin and other squamous epithelial cells and has been proven helpful in the diagnosis of lung cancer, especially squamous cell carcinoma (Ho et al., 2000; Taniguchi et al., 2009) . Accordingly, our results suggest that PAHs enhances these serum tumor markers which may further promote tumor initiation. Additionally, the levels of SCC, Cyfra21-1 and NSE were lower as compared to that in patients with advanced lung cancer (Seemanna et al., 1999; Ho et al., 2000; Taniguchi et al., 2009; Liang et al., 2013) . Chu et al found that the serum levels of SCC, CEA, Cyfra21-1 and NSE were significantly higher in early-staged lung cancer patients than those in patients with benign disease. This might be used for the potential distinguishing early-staged lung cancer from benign masses (Chu et al., 2011) . In addition, TNF-a is a known regulator of various inflammatory diseases including arthritis, psoriasis, inflammatory bowel disease (Tobin and Kirby, 2005; Brennan and Mcinnes, 2008; Andrisani et al., 2012) , and is also involved in various pulmonary inflammatory diseases including bronchitis, chronic obstructive pulmonary disease (COPD), asthma and acute lung injury (ALI) (Mukhopadhyay et al., 2006) . Accordingly, the significant increases of TNF-α levels in Mei-Li Gao et al side and top oven workers might suggest that higher PAHs levels possibly result in inflammatory response.
Further, smoking was significantly and positively correlated (P=0. 005, OR=12.71, . This is similar to the report that smoking index was negatively correlated with serum folate but positively correlated with plasma tHcy, CEA and NSE levels in Cr (VI) exposed population (Wang et al., 2013) . On the contrary, Bjerner et al reported that an upper reference limit for NSE was 8.91 micro g/L in non-smokers; smokers exhibited significantly lower levels (Bjerner, et al., 2008) . SCC was also exhibited a positive and significant correlation (P=0.004, OR=5.76, 95% CI: 1.78-18.66) with smoking status. Our results were in agreement with Szymańska-Chabowska et al's and Cho et al's study that higher serum (squamous cell carcinoma antigen) SCC Ag levels and a distinct synergistic reaction with the number of smoked cigarettes (Szymańska-Chabowska et al., 2004; Cho et al., 2013) . Smoking habits did not influence the serum concentrations of SCC Ag in lung cancer (Body et al., 1990) . TNF-a levels resembled more the smoking habits (P<0.001, OR=5.98, 95% CI: 2.57-13.87) and alcohol consumption (P=0.012, OR=2.67, 95% CI: 1.24-5.72) of the coke oven workers. Smoking has been shown to increase the production of IL-1β and TNF-a by macrophages (Tappia et al., 1995; Nagai et al., 1988) . Recently, this was also certificated in animal models. For example, Sun et at reported that TNF-a, IL-6, and IL-10 levels of pulmonary tissue were significantly increased side stream cigarette smoke induced rat COPD model (Sun et al., 2011) . Xue et al reported that cigarettesmoke-exposure induced the accumulation of TNF-α in cigarette-smoke-exposure-induced pulmonary vasculature impairment in rats (Xue et al., 2012) . As for alcohol intake, there has been indicated that showing that moderate alcohol intake in humans reduces the production of IL-1β and TNF-a through inhibition of NF-κB (Mandrekar et al., 2006) . Age with an increase in the risk of TNF-α levels was marginal (P=0.055, OR=0.47, 95% CI: 0.21-1.02). In fact, a dysregulation of the innate and adaptive immune system is hypothesized as a prominent key player in the aging process which is accompanied by increased inflammatory cytokines, in particular TNF-a (Corona et al., 2011) . Since no differences were found in the distributions of age in the present study, further investigations are required to confirm the association in individuals with a significant distribution of age.
A significant and positive correlation between oxidative stress and tumor markers was observed in this study. Actually, oxidative stress plays important roles in the pathogenesis of many diseases, including aging, degenerative disease, and cancer (Behrend et al., 2003) , and it has been shown that oxidative mechanisms have a role in the initiation, promotion and progression of carcinogenesis (Masri, 2010) .
However, serum tumor marker tests used so far are more tumor-associated than tumor-specific (Fleischhacker and Beinert, 1999) . One of the main drawbacks of serum tumor markers is that high concentrations are usually found only when the disease is at an advanced stage (Seemanna et al., 1999) . Cytological fluids obtained directly from tumor tissue, and because many biomarkers candidates will exist in high concentrations. Additional evaluation of these tumor markers in the cytological fluid can improve the diagnostic performance (Hur et al., 2012) and need be furthered studied in the future.
PAH are distributed in the atmosphere between gas and particulate phases, such as PM 10 . Recently, a series studies investigated the PAH concentrations in PM 10 of different areas in Thailand. The PAH concentrations were moderately low in comparison with previous results observed in other countries. The level of genotoxicity, indicated by mutation index (MI) which was used by ames test method, was assayed in Bangkok city, Thailand. The average MI of PM 10 at collected sampling sites was no significant differences (Pongpiachan et al., 2013a) . The potential risks of exposure to particulate PAHs were indicated by the average values of incremental individual lifetime cancer risk (ILCR) and the concept of incremental lifetime particulate matter exposure (ILPE). The ILCR was within the range of 10 -7 10 -6 , which was close to the acceptable risk level (10 -6 ) but much lower than the priority risk level (10 -4 ). The higher values of ILPE of PAH congeners at traffic observatory sites were observed. This suggested a higher risk for outdoor workers, including police men, construction workers, lottery sellers, flower sellers and so on (Pongpiachan et al., 2013a; Pongpiachan 2013b) . A high risk of developing lung cancer and other respiratory diseases across workers and residents living in high buildings located in Pratunam area, Thailand (Pongpiachan et al., 2013c) . In addition, except lung cancer, PAHs were also implicated in prostate cancer risk and gastric cancer (Doolan et al., 2014; Behnampour et al., 2014) .
In conclusion, this study suggests that PAHs significantly enhanced the oxidative stress and tumor markers in coke oven workers. In some extent, one or more characteristics may affect these biomarkers in body. A significant and positive correlation between oxidative stress and tumor markers was observed in the present study. The association found between the probability of increased oxidative stress values and tumor markers levels in post-shift urine suggests that a synergistic increase induced by PAHs in coke oven workers.
